Vitamin D regulates osteocyte survival and perilacunar remodeling in human and murine bone.
Osteocytes are the most abundant bone cells and are highly regulated by external stimuli. Vitamin D and osteocytes cooperatively regulate bone remodeling as well as phosphate and calcium homeostasis. However, it is unclear if vitamin D regulates osteocyte number, connectivity or size in the setting of altered bone formation or impaired mineralization. Sixty iliac crest biopsies of patients with varying vitamin D levels were examined to analyze osteocyte number, osteocyte connectivity and osteocyte viability using high-resolution imaging. Osteocyte parameters were also quantified in mice lacking the vitamin D receptor (Vdr-/-) and in wildtype littermates. The cortical and cancellous bone of patients with vitamin D deficiency exhibited a significant decrease in the number of viable osteocytes, as well as increased osteocyte apoptosis and impaired osteocyte connectivity, based on evaluation of the canalicular network. The number of osteocytes was also decreased in Vdr-deficient mice, in comparison to wildtype controls, and this was accompanied by enlargement of osteocyte lacunae. A high calcium diet normalized the osteocyte lacunar area in Vdr-deficient mice, but failed to normalize osteocyte number. Thus, a diet-independent decrease in osteocyte number in Vdr-deficient mice suggests a mechanism that is directly dependent on the VDR, since vitamin D may promote the transition from osteoblasts to osteocytes. The increase in lacunar area the in Vdr-deficient mice, which is normalized by the high calcium diet suggests this phenotype is due to osteocytic osteolysis. These investigations demonstrate that vitamin D plays a role in the regulation of osteocyte number and perilacunar remodeling.